Msh1p counteracts oxidative lesion-induced instability of mtDNA and stimulates mitochondrial recombination in Saccharomyces cerevisiae.
The proximity of the mitochondrial genome to the respiratory chain, a major source of ROS (radical oxygen species), makes mtDNA more vulnerable to oxidative damage than nuclear DNA. Mitochondrial BER (base excision repair) is generally considered to be the main pathway involved in the prevention of oxidative lesion-induced mutations in mtDNA. However, we previously demonstrated that the increased frequency of mitochondrial Oli(r) mutants in an ogg1Delta strain, lacking the activity of a crucial mtBER glycosylase, is reduced in the presence of plasmids encoding Msh1p, the mitochondrial homologue of the bacterial mismatch protein MutS. This finding suggested that Msh1p might be involved in the prevention of mitochondrial mutagenesis induced by oxidative stress. Here we show that a double mutant carrying the msh1-R813W allele, encoding a variant of the protein defective in the ATP hydrolysis activity, combined with deletion of SOD2, encoding the mitochondrial superoxide dismutase, displays a synergistic effect on the frequency of Oli(r) mutants, indicating that Msh1p prevents generation of oxidative lesion-induced mitochondrial mutations. We also show that double mutants carrying the msh1-R813W allele, combined with deletion of either OGG1 or APN1, the latter resulting in deficiency of the Apn1 endonuclease, exhibit a synergistic effect on the frequency of respiration-defective mutants having gross rearrangements of the mitochondrial genome. This suggests that Msh1p, Ogg1p and Apn1p play overlapping functions in maintaining the stability of mtDNA. In addition, we demonstrate, using a novel ARG8(m) recombination assay, that a surplus of Msh1p results in enhanced mitochondrial recombination. Interestingly, the mutant forms of the protein, msh1p-R813W and msh1p-G776D, fail to stimulate recombination. We postulate that the Msh1p-enhanced homologous recombination may play an important role in the prevention of oxidative lesion-induced rearrangements of the mitochondrial genome.